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ABSTRACT 
Computational fluid dynamics (CFD) has been widely applied to screw compressors. CFD has allowed engineers to
gain a better understanding of the complex flows that occur inside the screw compressor. In many cases, the details
revealed are only possible with CFD compared to 1-D simulations.  Both CFD and 1D can reduce development costs
and as in this case, guide decisions on the choice of hardware to be tested.  This paper presents the flow details of the
suction process in a screw compressor and the effects on performance. The cases presented are a twin screw rotor set
applied to two different suction port designs.  One suction port matches the helix angle of the rotors and closes at the
maximum suction volume. The other suction port stays open for 20 degrees of rotation past the maximum suction
volume and does not match the rotor helix angle.  The paper presents the effects of the geometry difference at various 
rotor rotational speeds. 
1. INTRODUCTION 
Simulation of compressors has long been a method of reducing development time through experimentation. 
Schwerzler and Hamilton (1972) demonstrated a technique of modeling compressor valves as a systems of orifices
and concluded that the ability to do parametric studies based on geometry would save weeks of testing.  Sauls (1988)
concluded through computer simulation the engineer could optimize screw compressor slide valve geometry before
the compressor is built, saving costly hardware iterations. In addition, Sauls (2011) presented the use of high fidelity 
simulations such as computation fluid dynamics (CFD) and finite element analysis (FEA) to calibrate and improve 1-
D simulations in order to maintain speed and flexibility of the design process. 
A CFD simulation was performed to determine the impact of a delayed suction port closure vs. a design without
suction delay which closed completely when maximum pocket volume was reached. The expected result of the
delayed suction port closure was a loss in volumetric efficiency, but the CFD simulation contradicted expectations. 
The CFD showed flow continued to enter the pocket after the volume was decreasing resulting in improved volumetric
efficiency. A review of literature showed that this effect is understood in positive displacement compressors. It is
referred to as inertial charging.  
Inertial charging was described by Redfield (1912) for reciprocating air compressors as an increase in cylinder
pressure at the end of an intake stroke due to the inertia of a moving air column. Cui and Sauls (2006) presented a 
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CFD analysis of a scroll compressor which indicated a pre-compression of the gas during the suction process. Kameya
et al. (2011) performed CFD and verified through testing that improvements to a screw compressor’s volumetric
efficiency can be achieved by delaying the closing of the suction.
Inertial charging is also a phenomenon widely seen in IC engines and is a major contributor to volumetric efficiency.
This is in fact a requirement to predict inertial charging when using 1-D simulation for analyzing IC engines. Wu, et
al (2019) showed optimization of the gas exchange process in a 2 stroke engine, and Sahoo (2014) which showed the
influence of intake runner geometry on maximum air trapping in the cylinder. 
A new screw compressor rotor set was designed that did not match the existing production rotor housing‘s helix angle
and timing of the suction port closure. This paper presents both a CFD analysis and 1-D analysis of inertial charging 
in a screw compressor and the effects of speed.  This is significant in a high speed compressor design since the effect
is magnified. 
2. DESIGN STUDY 
2.1 Suction Port Geometry
A screw compressor optimized for variable speed as explained by Cambio and Powell (2014) has a nominal speed of
4800 rpm. A new rotor geometry was designed as to increase the volume flow of the compressor. The new rotor 
geometry included a new rotor profile, lobe count, rotor diameter, and wrap angle. In order to use the same rotor
housing casting the rotor length and center distance was left unchanged.  
Figure 1 is an overlay of the normalized volume curves of the production and new rotor designs. The axial and radial
suction port’s relative area are shown as well. The dashed line represents the point at which the suction ports close.
It is aligned with the maximum volume of the production rotor set but closes 20 degrees after maximum volume is
achieved on the new rotor design. In addition, there is a 20 degree difference in the helix angle of the production rotor
compared to the new rotors. The expectation was that volumetric efficiency would decrease because of the mismatched 
suction port. 
Figure 1: Volume curve comparison of production and new rotors. 
2.2 CFD Solution
CFD simulations were performed with the new rotor set and two rotor housings, the production housing with a suction
delay, and a modified housing with the suction port aligned with the rotor’s helix and suction port closure at the
maximum volume. Simulations were done using CFX version 18.2. The simulations were built in three sections. The
suction volumes, the compression volumes, and the discharge volumes. Figure 2 is a representation of the solution 
domains. 
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Figure 2: CFD domain consisting of (l to r) suction volume, compression volume, and discharge volume.
The screw rotor’s mesh size was 2.27 million nodes and the total mesh size was 8.92 million nodes. Large screw rotor 
meshes are needed to achieve mesh independence and match actual compressor mass flow rates. An SST turbulence
model and a total energy heat transfer model with viscous work terms were applied. All the walls were adiabatic. The
fluid was a refrigerant gas without the presence of oil. A lightly applied inertial loss was applied to an isotropic loss
model to approximate the oil restriction in the mesh clearance and the tip gaps. An isotropic loss model is a momentum
loss through an isotropic process.  It is used to slow the flow of the gas in the regions of interest. The simulations 
were conducted using around 100 cores.
2.3 1-D Solution
A 1-D model was created in GT-SUITE v2020 to capture the inertial charging effect seen in the CFD model. The
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The equation has terms to account for the momentum of the fluid as well as the pressure gradient of the flow field. 
The term dpA will become negative in the presence of an adverse pressure gradient that occurs as the pocket volume
decreases prior to the completion of the suction process. Because equation (1) attempts to conserve momentum it is
possible to capture inertial charging.
3. RESULTS 
3.1 CFD Results 
Figure 3(a) shows the CFD solution of the new high flow rotors with the production rotor housing. The suction port
is the grey translucent area at the bottom of the picture. The rotors are color contoured by pressure. The rotors are
approximately in their position of maximum pocket volume. It can be seen that the rotor tips are within the suction 
port area all along the observable rotor helix such that the pocket is still in communication with the suction flow path.
The difference is on average 20 degrees.
Figure 3(b) is the new high flow rotors in the same position as the rotors in 3(a) with a suction port that is designed to
close at maximum pocket volume. Notice the small gap on the left hand side of the picture between the suction area
and the male rotor tip. It demonstrates that the pocket is no longer in communication with the suction port at the same
rotor position.   
The solution shown in Figure 3 is at 4800 rpm. Comparing the pressure contour colors reveals that the pocket pressure
with the suction delay is higher than without the suction delay. The higher pressure in the delayed suction case (Figure
3a) is due to more mass flow entering the rotor pocket. This is the effect described as inertial charging. 
25th International Compressor Engineering Conference at Purdue, May 24-28, 2021
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The CFD analysis was done at speeds of 1200, 2400, and 4800 rpm. Figure 4 is a plot of mass in the rotor pocket as
a function of crank angle. The dashed line at 360 degrees indicates the maximum pocket volume and suction port
closure of a new rotor housing design. The dashed line at 394 degrees is where the production suction port closes.
Figure 4(a) is at a rotor speed of 4800 rpm. It is shown that with the delayed suction porting the mass in the pocket
continues to increase past the point of maximum pocket volume. There is a small decrease in the pocket mass just
prior to the suction port closing but it is not enough to offset the extra mass in the pocket. After the suction process 
is complete there is a 4.3% difference in mass in the pocket.  At a rotor speed of 2400 rpm the difference is only 1.2%
and at 1200 rpm the difference is -1.1%. As the speed is reduced there is less momentum in the gas and the open port
allows gas to escape. 
(a) High flow rotor with suction delay (b) High flow rotors without suction delay 
Figure 3: Suction port geometry with and without delay
(a) 4800 rpm (b) 2400 rpm 
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(c) 1200 rpm 
Figure 4: CFD pocket mass vs. crank angle for various speeds 
The CFD analysis has been done using the axial discharge port. Because of the different rotor designs the axial volume
ratio is not the same on the two analysis. This is evident in the amount of back flow between the two curves. It should
be noted that the blue curve shows the discharge port opens completely about 10-15 degrees earlier. We believe this
fact did not cause any effect on how the chamber is filled on the suction side and the resulting volumetric efficiency.
Figure 5 is a plot of volumetric efficiency vs. speed. The black curve is the volumetric efficiency as a result of testing
of the current production design. The orange line is the CFD calculation for the new rotors without suction port delay. 
There is no reason to believe that the new rotor design would have a significantly lower volumetric efficiency than
the production design. Therefore it can be said the CFD is under predicting volumetric efficiency and over predicting 
leakage. This is reasonable to expect since oil is not present in the solution. The CFD also shows a larger decrease
in volumetric efficiency at lower speeds than what is seen in the current production compressor.  
Comparing the two CFD solutions the suction delay improved the volumetric efficiency by 4.6% at 4800 rpm, 0.6% 
at 2400 rpm, and -2.7% at 1200 rpm. The lines cross at about 2100 rpm. This characteristic is not only beneficial at
full load but part load as well since a lower flow will be achieved at the compressor’s minimum speed. This will
create a wider modulation range. Figure 6 is a plot of relative mass flow vs. speed. The suction delay allows for 1.5%
less suction flow improving the minimum flow operation.
Figure 5: Volumetric efficiency vs. speed 
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Figure 6: Speed vs. percent mass flow
3.2 1-D Results
In the 1-D model particular attention was placed on discretization of the suction port volume, as spatial discretization
is required to capture momentum of the fluid. Figure 7 shows three views of the suction flow path. The flow path
was divided into five paths to the rotor suction ports through the bypass areas around the bearing pedestal. Once the
flow passes through the bypass channels it can enter the rotors through axial or radial ports. 
25th International Compressor Engineering Conference at Purdue, May 24-28, 2021
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Figure 7: 3-D and 1-D suction flow path volumes and ports.
The model schematic in Figure 7 shows the 1-D flow paths from the suction plenum, into the five axial and two radial
suction ports, into the chambers with different leakage paths, and finally out through the radial and axial outlet ports. 
The suction area profiles for with and without delayed closing are also shown in Figure 8. These profiles were
generated using GT-Converge which performs automated volume and area profile extraction using Boolean operations 
from a 3D CAD model of the flow path.
Figure 8: 1-D suction port area profiles obtained by GT-Converge for delayed and no-delayed closing. 
In Figure 9 the mass in the rotor pocket is shown from the 1-D simulation. Pocket mass is shown for the two cases,
with and without suction delay. There are two vertical lines, the heavy dashed line is the point at which maximum
pocket volume is achieved. The second light dashed line is the point at which the delayed suction closes. The three
plots are for 4800, 2400, and 1200 rpm. 
25th International Compressor Engineering Conference at Purdue, May 24-28, 2021
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In comparison to Figure 4 the 1-D simulation results show a similar trend to CFD where the amount of mass trapped 
in the chamber increases not only with speed, but also when a delayed closing is used at the highest speed case of
4800 rpm, there is an increased amount of mass trapped compared to no delayed closing. The 1-D result shows a
slightly lower magnitude of increase using a delayed closing at 4800 rpm of roughly 1% compared to the CFD
prediction of 4.6%. The trend in the 1-D result is also very similar to CFD where the delayed closure has less trapped 
mass at low speed compared to no delayed closure. 
(a) 4800 rpm (b) 2400 rpm 
(c) 1200 rpm 
Figure 9: 1-D pocket mass vs. crank angle for various speeds 
Figure 10 is a comparison of the volumetric efficiency between CFD (solid lines) and 1-D (dashed lines) along with 
the current production compressor. It is important to note that the production volumetric efficiency is for a completely 
different rotor set and would be expected to have a different volumetric efficiency compared to the simulations.
However, the intent is to show the production characteristic as a function of speed. In general both simulations predict
a more dramatic drop in volumetric efficiency with a reduction in speed. Neither of the simulations include oil effects
which could explain this behavior.  
Focusing on 4800rpm, both CFD and 1-D predict a higher volumetric efficiency with delay compared to without delay 
which illustrates the inertial charging effect.  
25th International Compressor Engineering Conference at Purdue, May 24-28, 2021
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Figure 10: Comparison of 1-D to CFD of volumetric efficiency vs. speed 
The CFD and 1-D predictions for the case with delay is interesting in the fact that the curvature of the characteristic
is very different from the others. It shows a greater decrease in volumetric efficiency with decreasing speed such that
at 2400 rpm it is roughly equivalent to the case without delay and less than it at 1200 rpm.
The speed at which the delayed closing provides more benefit than no delayed closing is around 2400 rpm in the CFD 
prediction, while the 1-D prediction occurs at a higher speed of roughly 3200 rpm. 
4. CONCLUSIONS 
An analysis has been presented of a new screw rotor pair in a production rotor housing where the suction port does
not match the rotors in terms of the suction port closing at maximum volume and referred to as delayed suction closure. 
The analysis was done to explore the impact of choosing to use the production casting rather than applying resources
to design a new casting. The CFD analysis shows that the momentum of the gas continues to fill the rotor pocket after
maximum volume is reached and the pocket volume begins to decrease. The delayed suction closure improves 
volumetric efficiency by 4.6% at 4800 rpm when compared to a suction port that closes at maximum volume. The
effect decreased as a function of speed such that at 2400 rpm there was 0.6% improvement and at 1200 rpm the
volumetric efficiency decreased by 2.6%. The 1-D analysis also shows that the momentum of the gas continues to fill
the rotor pocket after maximum volume is reached and the pocket volume begins to decrease at the high speed case.
The delayed suction closure improves volumetric efficiency by 0.7% at 4800 rpm when compared to a suction port
that closes at maximum volume. The effect decreased as a function of speed such that at 2400 rpm there was 1.3%
reduction and at 1200 rpm the volumetric efficiency decreased by 3.5%.   
Unfortunately, the test plan does not include testing both configurations with and without delay to validate the CFD
and 1-D simulations. The performance effects shown by CFD and 1-D are believed to be accurate for engineering 
purposes and have provided the guidance to suggest that using the production rotor housing is acceptable. Because
of this conclusion the analysis preserved the project’s initial estimates of cost and schedule.
For compressors that modulate flow with speed and are designed to operate at tip speeds above 40 m/sec inertial
charging is an advantage. Improving volumetric efficiency at full speed and reducing volumetric efficiency at low
speed will give the compressor a wider modulation range. Although not shown in this study it is assumed that there
will be a point at which too much of a suction delay would produce diminishing returns and cause the compressor to 
lose volumetric efficiency. For this reason it is important to have design tools show this effect. Specifically a 1-D tool
that would be better suited for performing design optimization. 
25th International Compressor Engineering Conference at Purdue, May 24-28, 2021
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NOMENCLATURE
A cross sectional area m2 
Cf Fanning friction factor
D diameter m
dx length of mass element in flow direction m 
KP pressure loss coefficient
?̇? boundary mass flux into volume kg/sec
p pressure Pa
 density kg/m3 
u velocity at the boundary m/sec
REFERENCES
Cambio, M., Powell, G. (2014). The Selection of Screw Rotor Geometry with Compressor Speed as a Design 
Variable. Proceedings of the 22nd International Compressor Engineering Conference at Purdue. West Lafayette, 
IN. Herrick Laboratories. 
Cui, M. M., Sauls, J. (2006). Investigation of Suction Process of Scroll Compressors. Proceedings of the
International Compressor Engineering Conference at Purdue. West Lafayette, IN. Herrick Laboratories.
Gamma Technologies (2019). GT SUITE Flow Theory Manual. Westmont, IL: Gamma Technologies. 
Kameya, H., Ishikawa, M., Saito, T. (2011). Improvement of Volumetric Efficiency for Screw Compressors Using 
Inertial Charging. Proceedings of the 7th International Conference of Compressors and Their Systems. London, UK. 
Institute of Mechanical Engineers. 
Redfield, S. B. (1912). Inertia of Air Compressor Intake. Power, 35, 162. 
Sauls, J. (1988). Slide Valve Design Using a Screw Compressor Performance Simulation, Proceedings of the 1988 
SRM Compressor Conference. Stockholm, Sweden. Svenska Rotor Maskiner AB (SRM) 
Sauls, J. (2011). Use of Finite Element and Computational Fluid Dynamics Analyses in the Development of Positive 
Displacement Compressor Simulations. Proceedings of the International Conference on Compressors and Their 
Systems. London, UK. Institute of Mechanical Engineers. 
Sahoo, D. (2014). Study of Intake System Parameters for Incylinder Charging Efficiency – 1D CFD Method. GT-
SUITE India Users Conference. Bangalore, IN. https://www.gtisoft.com/wp-
content/uploads/publication/RNTBCI_GTConferenceIndia2014.pdf 
Schwerzler, D., D., Hamilton, J., F. (1972). An Analytical Method for Determining Effective Flow and Force Areas 
for Refrigeration Valving Systems. Proceedings of the 1972 Purdue Compressor Technology Conference. West 
Lafayette, IN. Herrick Laboratories. 
Wu, G., Li, W., and Xu, Z. (2019). Optimizing Gas Exchange for a 2-stroke Free Piston Engine. GT-SUITE North 
American Users Conference. Plymouth, MI. https://www.gtisoft.com/wp-content/uploads/2019/11/Optimizing-Gas-
Exchange-for-a-2-Stroke-Free-Piston-Engine-Guangquan-Wu-Weichai.pdf
AKNOWLEDGEMENTS
We would like to thank Trane Technologies for encouraging the publication of our work and the time and resources 
to do so and Gamma Technologies for their participation in this work as well. 
25th International Compressor Engineering Conference at Purdue, May 24-28, 2021
